As Salmonella enterica is an important pathogen of food animals, surveillance programmes for S. enterica serovars have existed for many years in the United States.
2015). Currently, the pork industry has an effective S. enterica control programme based on an understanding of the epidemiology of Salmonellosis and the ecology of S. enterica from years of prior basic and field-based research (Denagamage, O'Connor, Sargeant, & McKean, 2010; Denagamage, O'Connor, Sargeant, Rajić, & McKean, 2007; O'Connor, Denagamage, Sargeant, Rajić, & McKean, 2008; Wilhelm et al., 2012) . This swine-based S. enterica control programme relies on a pathogen reduction approach at the abattoir (Totton, Glanville, Dzikamunhenga, Dickson, & O'Connor, 2016 ) based on the rationale that this approach is the most effective and cost-efficient (Alban & Stärk, 2005 ; O'Connor, Wang, Denagamage, & McKean, 2012) . However, observations of changes in S. enterica serovars could be a result of different ecologies, for which currently employed control measures might be less effective. Therefore, to realize the value of surveillance programmes, it is critical to periodically evaluate trends in the prevalence of S. enterica serovars over time to determine whether certain patterns indicate a need for modification or action. Data from long-running surveillance programmes provide this opportunity. The primary aim of this study was to evaluate changes in S. enterica serovars in swine over a 20-year period in the United States. The secondary aim was to correlate changes in proportions of S. enterica serovars between food-producing species (bovine, avian and swine) and humans. To achieve these aims, we used four longitudinal data sets to detect changes in the proportion of S. enterica serovars commonly isolated from swine from specimens submitted from diagnostic laboratories (two data sets) or collected at slaughter (one data set) or retail (one data set).
| MATERIAL S AND ME THODS

| Study design and data sources
We used observational data from four sources: the Iowa State 
| Centers for Disease Control and Prevention Laboratory-based Enteric Disease Surveillance data set
The Division of Foodborne, Waterborne, and Environmental
Diseases in the National Center for Emerging and Zoonotic Infectious
Diseases maintains national human Salmonella surveillance data through the CDC LEDS programme. We directly requested and obtained the most recently available and complete data from the CDC.
Details of the LEDS programme and data collection approach are described elsewhere (https://www.cdc.gov/national surveillance/ salmonella-surveillance.html). It is important to note that these LEDS data arise as a result of passive surveillance and serotyping completeness varies by reporting laboratory and over time.
| National Antimicrobial Resistance Monitoring System data sets
The NARMS programme for monitoring S. enterica data is accomplished by three different agencies: the CDC collects human specimens (NARMS-H), the USDA collects animal specimens at slaughter (NARMS-S) and the Food and Drug Administration (FDA) collects animal specimens at retail (NARMS-R). This project used NARMS data for animals only, as we used CDC LEDS data for humans. • We detected an increase in S. enterica serovar 4, [5] ,12:i:-in veterinary diagnostic submissions (ISU VDL and NVSL) over time and that this increase mirrored that observed in human data (CDC LEDS).
• An impact of these findings might be that veterinary diagnostic submission could be evaluated as more sensitive methods of detecting emerging Salmonella serotypes.
| Iowa State University Veterinary Diagnostic Laboratory data set
The ISU VDL obtains 40% of swine specimens, 68% of avian specimens and 76% of bovine specimens from Iowa, with the remaining specimens obtained from other states. Specimens were tested for Salmonella spp based on the supervising pathologists' or submitting veterinarian's request. The majority of isolates would be from pigs with enteric diseases, but may also include isolates from surveillance testing. Isolates from research cases were not included in the query. Research Service, National Animal Health Monitoring System and others identified as research during submission. Serotyping performed at the NVSL was based on previously described methods (Ewing, 1986) . Serovar designation was based on antigenic formulae for somatic (O) and flagellar (H) antigens (Grimont & Weill, 2007) .
| United
2.6 | Management of data sets 2.6.1 | Swine-associated data 1. ISU VDL data set. Data describing 11681 isolates were included in the original data set. After removing several non-Salmonella isolates accidentally included in the provided data set, the data set contained information on 11631 isolates collected from 2003 to 2015. We also included data describing 132 isolates of S. enterica serovar Choleraesuis identified using a novel in-house approach.
2. NVSL-S data set. Data describing 9785 isolates were included in the original data set. After removing non-Salmonella isolates, the data set contained information on 9785 Salmonella isolates collected from 2006 to 2015.
3. NARMS-S data set. Data describing 4795 isolates were included in the original data set. After removing the non-Salmonella isolates, the data set contained data that related to 4795 Salmonella isolates collected from 1997 to 2011. 9. CDC LEDS data set. Data describing 755086 isolates were included in the original data set. After removing the non-Salmonella isolates, the data set contained information on 751095 Salmonella isolates collected from 1997 to 2016.
| Mapping S. enterica serovars across data sets
For each data set, all unique serovars were identified. Serovar names that appeared to be typographic errors were identified and verified by consulting with coauthors with expertise in microbiology. For example, "serovar Infantis" was assumed to be "serovar Infantis," "serovar 4,5,12:1:-" was assumed to be "serovar 4,5,12:i:-," and "phade DT12" was assumed to be "phage 
| Statistical analysis
All analyses were implemented using open software R (R Core Team 2017). Our focus was on estimation rather than hypothesis testing because the data were observational; therefore, the sample size was a matter of convenience rather than reflective of an a priori desired power to test a specific hypothesis. For the first aim, we first examined changes in common S. enterica serovars over time by defining the 10 most frequently isolated serovars based on the proportion of S. enterica serovars in the ISU VDL swine data set. We next determined the proportion of isolates of each serovar out of the total serovar count each year for the other data sets. We performed simple linear regression with the yearly proportion change regressed on year to obtain an estimate of the change in proportion of the given serovar over years within each data set (i.e. the slope of the regression line). We also calculated 95% confidence intervals (Cis) for the slope estimates. For the second aim, we computed pairwise correlations between species in the relative changes in serovar proportions for certain years using Spearman's rank-order correlation coefficient. Given the high number of all possible pairwise correlations, we considered only the 10 most common TA B L E 1 Most frequent serotypes in VDL swine data set in other data set S. enterica serovars in the ISU VDL swine data set (i.e. the same serovars of interest in the first aim). We also limited the correlations to animal versus human isolates (e.g. we did not assess correlations between swine and bovine isolates). We calculated correlations and corresponding 95% CIs for the following data sets:
1. CDC LEDS data set with ISU VDL swine, avian and bovine data sets, 2. CDC LEDS data set with NARMS-S swine, avian and bovine data sets, 3. CDC LEDS data set with NARMS-R swine, avian and bovine data sets, 4. CDC LEDS data set with NVSL-S swine, avian and bovine data sets.
We calculated three types of correlations: More specifically, for a given serovar, X(t) denotes the yearly 
Derby
The rationale for assessing these time lags was our working hypothesis that, if changes in S. enterica proportions in one species lead to changes in another species, then correlations might be observed across years. We used a 1-year lag from animals to humans because we assumed that, if S. enterica serovars transfer from animals to humans, they are likely to more rapidly transfer through the food supply. We used a 2-year lag from humans to animals because we assumed that transfer from humans to animals is likely to be less rapid, as no ubiquitous vehicle exists for rapid transfer in this direction. Correlations were computed for the 10 S. enterica serovars most frequently reported in the ISU VDL swine data set. Spearman's rankorder correlations were computed for each pairwise comparison due to the skewness of the data for some serovars. During the analysis, we computed correlations only across years when both data sets had recorded specimens.
| RE SULTS
| Changes in common swine S. enterica serovars over time
The frequency of all Salmonella serovars with more than 10 isolates over time is provided in the supplementary materials (see Figure S1 , Figure S2 , Figure S3 , Figure S4 and Figure S5 ). Table 2 and plotted in Figure 4 , Figure 5 and Figure 6 . It is interesting Johannesburg Agona: Figure S6 , S. enterica subsp. enterica serovar Anatum: Figure   S7 and S. enterica subsp. enterica serovar Senftenberg: Figure S8 ).
| Between-species correlations for changes in common S. enterica serovars over time
Our second aim was to assess correlations for changes in proportions of serovars between food animals' species and human.
We first correlated ISU VDL species-level data with human CDC LEDS data within concurrent time periods. We observed There were no consistent correlations within concurrent time periods between the NARMS-S species-level and CDC LEDS data sets or NARMS-R species-level and CDC LEDS data sets.
These data are presented in Figure 8 and Figure 9 , respectively. Figure   S9 , Figure S10 and Figure S11 , respectively. Similarly, there were no consistent 2-year lag correlations between ISU VDL and CDC LEDS data sets, NARMS-R and CDC LEDS data sets or NARMS-R and CDC LEDS data sets (see Figure S12 , Figure S13 and Figure S14 ).
| D ISCUSS I ON
Our results show changes in the proportion of Salmonella serovars Salmonella prevalence to a level that is too low for detection (Alban & Stärk, 2005; O'Connor et al., 2012; Totton et al., 2016) . If this latter explanation holds true, then this suggests that the NARMS-S program does not sensitively estimate the prevalence of Salmonella on farms. As most people come into contact with pork rather than pigs, it is normally assumed that NARMS-S and NARMS-R data are of greater public health relevance than ISU VDL data; however, this may not be the case. It is also possible that the differences observed F I G U R E 8 Spearman's rank-order correlation coefficients and 95% CIs for associations between proportion changes in the CDC LEDS data set and those in NARMS-S swine, avian and bovine data sets during concurrent years Typhimurium, is random and not related to years.
In conclusion, we propose that data from surveillance programmes should be periodically evaluated to identify emerging patterns that suggest action. For our first aim of analysing changes in Salmonella serovars that have predominated in swine, we found consistent evidence of changes in the predominant serovar in swine F I G U R E 9 Spearman's rank-order correlation coefficients and 95% CIs for associations between proportion changes in the CDC LEDS data set and those in NARMS-R swine, avian and bovine data sets during concurrent years 
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